MZl^raTIC RECORDING MEDIUM 



FIEU OF THE INVENTION 

The present: invention relates to a magnetic xecor<$ing 
medium. More specifieally, the present invention relates to 
a magnetic recording medinm capable of high density recording 
for nse for digital data recording which can be reproduced 
with a high speed magnetoresistance head. 



BACKGROOMP OF THE INVENTIOW 



use 



With the spread of the Internet in recent years, the 
form of the.oompnter has been changed, e.g., to the form 
of processing a great volume of moving picture data and sound 
data with a personal computer. Along with these trends, the 
storage capacity required of the magnetic recording media, 
such as hard discs, has increased. 

In a hard disc apparatus, a magnetic head slightly 
floats from the surface of a magnetic disc with the rotation 
of the magnetic disc and magnetic recording is performed by 
non-contact recording. This mechanism prevents the magnetic 
disc from breaking by the contact of the magnetic head and 



the magnetic disc. With the increase of density of magnetic 
recording, the floating height of a magnetic head is gradual- 
ly decreased, and now the floating height of from 10 1:o 20 nm 
has been realized by the vse a magnetic disc coii5>rising a 
specularly polished hyper-smooth glass substrate having 
provided thereon a magnetic recording layer (a magnetic layer) . 

In a magnetic recording medium, the layer structnire of a CoPtCr 
series magnetic layer/a Cr under layer is generally used, and 
the direction of easy magnetization of the CoPtCr series magnetic 
layer is controlled in the direction of in-plane of the film 
by the Cr under layer by increasing the temperalmre In forming 
the magnetic layer and the under layer as high as 200 to SOO»C. 
Further , the magnetic domain in the magnetic layer is segregated 
by accelerating the segregation of Cr in the CoPtCr series 
magnetic layer . Areal recording density and recording capacity 
of hard disc drive have markedly increased during the past 
fewyearsby technological innovation, e . g the floating height 
reduction of a head, the improvement of the structure of a 
head, and the ii,?>rovement of the recording film of a disc. 

With the increase of throughput of digital data, there 
arises a need of moving a high capacity data, such as moving 
data, by recording on a commutable medium. However, since 
the substrate of a hard disc is made of a hard material and 
the distance between a head and a disc is extremely narrow 
as described above, there is the fear of happening of accident 
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by the collision of a. head and a disc and entraining dusts 
during operation when a hard disc is used as a commutable medima 
such as a flexiljle disc and a rewritable optical disc, and 
so a hard disc cannot l>e used. 

Further, when a high tenperature sputtering 

fiajo-fonainginethodisusedinmanvifacturingaiiiagneticrecording 
medium, not only productivity is poor but the cost in mass 
production increases, thus hard discs cannot be manufactured 
inescpensively . 

On the other hand, the substrate of a flexible disc 
comnprises a flexible polymer film and is excellent in 
commutabiliiy , since it is amedimn capable of contact recording, 
and so flexible discs can be manufactured inexpensively. 
However, commercially available flexible discs of nowadays 
have such a structure that the recording layer is formed by 
coating a magnetic powder on a polymer film together with a 
polymer binder and an abrasive. Therefore, the high density 
recording characteristics of the magnetic layer of flexible 
discs are inferior to those of hard discs having a magnetic 
layer formed by sputtering, and the achieved recording density 
of flexible discs is only 1/10 or less of that of hard discs. 

Accordingly, a ferromagnetic metal thin film type 
flexible disc having a recording film (a laagnetic layer) f omed 
by the same sputtering method as in hard discs is suggested. 
However, when the same magnetic layer as that of hard discs 
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is t:rled to be formed on a. polymcx f ila, the polymer film is 
greatly damaged by heat and it is difficult to put such a flexible 
disc to practical use. Farther, since the contact of a head 
with a medium is inevitable, a hard protective layer is 
indispensable. Therefore, it is also suggested to use highly 
heat resisting polyimide and aromatic polyamide films as polymer 
films, but these hekt resisting films are very e3q>ensive and 
it is also difficult to put them to practical use. When a 
magnetic layer is tried to be formed with cooling so as not 
to give thermal damage to the polymer films, the magnetic 
characteristics of the magnetic layer are insufficient, thus 
recording density can be hardly iinproved. 

On the other hand, it has come to be known that when 
a ferromagnetic metal thin film comprising a ferromagnetic 
metal alloy and a nonmagnetic oxide is used, almost the same 
magnetic charaoteristies as those of the CoPtCr series magnetic 
layer formed under a high temperature condition of from 200 
to SOCC can be obtained even when a recording layer is formed 
under room teniperature . As such a ferromagnetic metal thin 
film coir<prising a ferromagnetic metal alloy and a nonmagnetic 

oxide, ferromagneticmetalthinfilmshavingaso-calledgranular 
structure which is proposed in hard discs can be used (refer 
to, e.g., JP-A-5-73880 and JP-A-7-311929) . 

However, even when a magnetic layer having such a 
granular structure is formed at room te»«>erature , since heat 
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by sputtering is applied, the gas oontained in the polymer 
film support is released, so that the crystal growth of the 
under layer and the tnagnetio layer extremely lower as shown 
in Pig. 2. Therefore, the control of crystal orientation is 
very difficult, so that satisfactory characteristics have not 
been obtained yet. 

On the other hand, in direct read after write and 
rewritable optical discs represented by dvd-r/rw, the head 
and the disc are not close to each other as in a magnetic disc, 
and so they are excellent in commntability and widespread. 
However, from the thickness of light pickup and economical 
viewpoints, it is difficult for the optical disc to take such 
a disc structure that both surfaces can be used as recording 
surfaces as in a magnetic disc which is advantageous to ia^rove 
opacity. In addition, the pptical discs are low in areal 
recording density and in data transfer speed as compared with 
a magnetic disc, so that their performance cannot be said to 
be sufficient to be used as rewritable type high capacity 
recording media. 



SPMMftRY Qg TITP. IUVBKTIOtT 



Accordingly, an object of the present invention is 
to solve the above problems and provide a rewritable, cowmutable 
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high capacitor magnetic recording medium having sufficient 
performances and reliability and eeonomieally advantageous, 
which is not aoooiiQ>anied by lowering of crystal orientation 
and crystal growth of the under layer and the magnetic layer 
by the influence of the gas released from the polymer film 
support , and capable of achieving goodmagne tic characteristics . 

As a result of eager investigation , thepreaent inventors 
have found that the above problems can be solved by adopting 
the following constitution, thus the present invention has 
been accranplished. 

That is, the present invention is as follows. 
(1) A . magnetic recording medium coi^rising a non- 
magnetic support having provided on at least one side of the 
STOort in the order of a first under layer constituted by 
a single nonmetal element, a compound consisting of nonmetal 
elements or a compound comprising titanium and a nonmetal 
element, a second under layer containing at least one element 
selectedfromthegro^eonsistingof chromium, titanium, iridium, 
platinum, palladium, ruthenium, rhodium, rhenium and osmium, 
and a magnetic layer comprising a ferromagnetic laetal alloy 
containing at least cobalt, platinum and chromium, and a 
nonmagnetic con^pound. 

The preferred embodiments of the present invention 
are described below. 

<2) A magnetic recording medium co««>rising a non- 
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magnetic flexible polymer support: having provided on at least 
one side of the support in the order of a first under layer 
constituted by a single nonmetal element, a coa«>ound consisting 
of nonmetal elements or a coii5»ound con3>rising titanium and 
a nonmetal element, a second under layer containing at least 
one element selected from the group consisting of chromium, 
titanium, iridium, platinum, palladium, ruthenium, rhodium, 
rhenium, osmium, cobalt, tungsten, vanadium, ironandmolybdenum, 
and a magnetic layer comprising a ferromagnetic metal alloy 
containing at least cobalt, platinum and chromium, and a 
nonmagnetic ooo^mund, 

(3) The magnetic recording medium as described in the 
above item (1) or (2) , wherein the nonmetal element contained 
in the first under layer is selected from C, si, B, Te, As, 
Se, I, N and O. 

(4) The magnetic recording medium as described in the 
above item (1) , <2) or (3) , wherein the crystal growth defective 
layer of the second under layer at the interface between the 
first under layer and the second under layer is 5 nm or less. 

(5) The magnetic recording medium as described in any 
of the above item (1) to (4) , wherein the surface roughness 
(SKa) at the surface of the magnetic recording medium after 
film formation is 3 nm or less. 

Since the magnetic recording medium according to the 
present invention has a magnetic layer of a ferromagnetic metal 
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thin film comprising a ferromagnetic metal alloy containing 
at least cobalt (Co) , platimam (Pt) and chromium (Cr) , and 
a nonmagnetic oxide, high density recording as in a hard disc 
becomes possible^ so that the capacity of the medium can be 
increased. 

Ferromagnetic met«a thin films comprising a ferro- 
magnetic metal alloy containing Co, Pt and Cr, and a nonmagnetic 
oxide have a so-called granular structure which is proposed 
in hard discs, and those disclosed in JP-A-5-73880 and 
O'P-A-7-311929 can be used. 

Further, since the first under layer of the magnetic 
recording medium of the invention has an effect of shielding 
the gas released from the support and an effect of heightening 
the crystal, orientation of the second under layer, the problem 
of released gas which has been a problem waiting solution in 
a medium using a film siqiport can be solved. 

By using these first under layer, second under layer 
and magnetic layer, the need for heating the substrate can 
be obviated and good magnetic characteristics can be achieved 
even the tea5»erature of the substrate is room temperature, 
so that a magnetic recording medium free of the problem of 
released gas from the support can be obtained. Accordingly, 
it is possible to provide a flat magnetic tape and a flexible 
disc resistive to contact recording without bringing about 
heat damage with not only a glass substrate and an Al substrate 
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but even wltli a polymer film support. 



BRIEF DESCRIPTION OF TBt DRAWINGS 

Fig. 1 is a typical drawing showing the layer structure 
of the magnetic zrecording medium according to the present 
invention . 

Fig. 2 is a t^ical drawing showing the layer structure 
of a conventional magnetic recording medium. 

Fig. 3 is a drawing showing the manufacturing method 
of the magnetic recording medium of the invention and the outline 
of the manufacturing apparatus. 

Fig. 4 is a drawing showing an example of CVD apparatus . 
using high frequency plasma applicable to the present invention 
fox fozming a protective layer* 

[Description of Reference Numerals and Signs] 

1 : Magnetic recording medium 

2: Nozmiagnetic polymer support 

3: First under layer 

4: Second under layer 

5: Kagnetic layer 

6: Protective layer 

7: Ferromagnetic metal alloy 
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8 : Noxunagne^c cazzq>ound 
10: Monolayer under layer 
11: FjLlm-£onni ng apparates 
12: Vacvism cliaznber 
13: Xfowlndxng roller 
14: Flexible polymer auppoxt. 
ISA, 15B: 07ens±on-adjtts1:i.ng rollers 
16: Fi.lja-£ormxng chamber 

^^^r 17B, lie, 17D: Gas~feed±ng p±3pes for sputtering - 
18A, 18B: Film-forming rollers 

19A, 19B, 19C, 19D: Sputtering apparatus of under layer 

TA^ *rB, TC, TD: Targets 

31: Magnetic layer 

32 : Flexible polymer support 

33: Roller 

34 : Bias roller 

35: Bias si:^yply 

36: Film-f oiauing roller 

37 : Feedstock gas 

38: High frecjuency power supply 

39: Carbon--protecting film 

40: Winding roller 
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DEgAIIgP DBSCRIPTIOH OF THE INVENTION 



Thea»agnet±c recordingmediiini in the invention oon^irises 
a nonmagnetio support having provided on at least one side 
of the support a first under layer csonatltuted by a single 
nonmetal element, a con5>ound consisting of nonmetal elements 
or a oc»qE>ound selected from the coo^ands con^rising titanitm 
and a nonmetal element, a second tinder layer containing at 
least one elemenl^ selected from the group consisting of chromium , 
titanium, iridium, platinum, palladium, ruthenium, rhodium, 
rhenium, osmium, cobalt, tungsten, vanadium, ironandmol^^bdenum, 
and a magnetic layer cooprising a ferromagnetic metal allc^ 
containing at least cobalt, platinum and chromium, and a 
nonmagnetic compound. Accordingly, when a polymer film is 
used as the support, crystal orientation growth of the second 
under layer and the magnetic layer does not lower by the gas 
released from the polymer film in forming the second under 
layer and the magnetic layer by sputtering, and so excellent 
characteristics can be achieved. 

The magnetic recording medium in the present invention 
is described with reference to the accompanying drawings. 

Fig. 1 is a laical drawing showing the layer structure 
of the magnetic recording medium in an example according to 
the present invention. 
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Magnetic recording mediiim 1 of the present invention 
comprises nonmagnetic support 2 having provided thereon first 
under layer 3, second nnder layer 4 and magnetic layer 5 in 
this order, and if necessary, protective layer 6 may be provided 
on magnetic layer 5. 

Magnetic layer : 

?rhe magnetic layer which constitutes the magnetic 
recording medium of the invention is a magnetic layer con?)rising 
ferromagnetic thin film comprising a ferromagnetic metal alloy 
containing at least cobalt, platlntwn and chromium, and a 
nonmagnetic con^sound. 

Since the magnetic recording medium of th^ invention 
is provided with the jaagnetic layer, high density recording 
as in a hard disc becomes possible, so that the capacity increase 
of a removable type magnetic recording medium becomes possible. 

!Phe magnetic layer of ferromagnetic thin film comprising a 
ferromagnetic metal alloy containing cobalt and a nonmagnetic 
metal oxide can be manufactured by the same methods as the 
methods which are proposed in hard discs and disclosed in 
OrP-A-5-73880 and JP-A-7-311929. 

Magnetic layer S comprises ferromagnetic metal alloy 
7 containing at least cobalt, platinum and chromium and 
nonmagnetic cosgsound 8. Ferromagnetic metal alloy 7 and 
nonmagnetic compound 8 are present as a mixture in appearance. 
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but ferromagnetic metal alloy 7 shown in Fig. 1 is a part where 
the existing amount of the ferromagnetic metal alloy is 
predominant as compared with the entire composition, and 
nonmagnetic compound 8 is a part where the existing amount 
of the nonmagnetic coa^und is predominant as compared with 
the entire coniposition . The parts where the existing amount 
of the ferromagnetic metal alloy is predominant are formed 
mutually with a distance of from 0.01 to 10 nm. 

Magnetic layer 5 in the magnetic recording medium of 
the invention may he a so-called vertical magnetic recording 
layer having an axis of easy magnetization xn the vexticaX 
direction to magnetic layer S, or may be an xn-plane magnetic 
recording layer having an axis o£ easy magnetiasation in the 
horizontal direction. The direction of jsm aaeis of .easy 
magnetization can be controlled hy the materials, the 
film-foxming conditions or the crystal stmctnres of second 
under layer 4 described later, and the con^ositions and the 
film-forming conditions of the magnetic film. 

It is preferred that the crystal growth of magnetic 
layer 5 of the invention be induced by reflecting the crystal 
orientation of second under layer 4 and the prismatic structure 
as shown in Fig. 1 be formed. By talcing such a structure, 
the separated structure of the domain where the ferromagnetic 
metal alloy predominates by the domain where the nonmagnetic 
compound predominates becomes stable, and a high coercive force 
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can be maintained and, at the same time , high ovt^mt is possible , 
since the amoYint of magnetization increases in the HrH«a-i>» where 
the ferromagnetio metal alloy predomixuites , and further the 
noise can be reduced, since the dispersibilil^ of the domain 
where the ferromagnetic metal alloy predominates becomes 
homogeneous . 

As the ferrcanagnetic metal alloys containing cobalt, 
platinum and chromium, alleys conprising Co, Cr, Pt with elements , 
e.g. , Ni, Pe, B, Si, Ta, Mb and the like can be used, but Co-E»t-Cr, 
Co-Pt-Cr-Ta, Co-Pt-Cr-B are particularly pxef erred considering 
recording characteristics. 

As the nonmagnetic compounds, oxides, carbides and 
nitrides of Si, 2r, Ta, B, Ti, Al, Cr, Ba, 2n, Na, La, In, 
Eb and the like can be used, but SiO« is most preferred taking 
recording characteristics into consideration. 

The mixing ratio of the ferromagnetic metal cuLloy 
containing cobalt, platinum and chromium and the nonmagnetic 
compound is preferably ferromagnetic metal alloy/nonmagnetic 
compound of from 95/5 to 80/20 (atomic ratio) , and particularly 
preferably from 90/10 to 85/15. when the proportion of the 
ferromagnetic metal alloy is more than this range, the separation 
of magnetic particles is insufficient, as a result the coercive 
force lowers in some oases . While when the proportion of the 
ferromagnetic metal alloy is less than this range, the amount 
of magnetization decreases, and so signal output sometimes 
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conspxcuously 1 wers. 

The layer thickness of the magnetic layer con^rising 
the mlsttore of the ferromagnetxc metal alloy containing cobalt, 
platinum and chromium and the nonmagnetic compound is preferably 
from 10 to 60 nm, and more preferably from 10 to 40 nm. When 
the layer thic3cness of the magnetic layer is more than this 
range, th^ noise sometimes conspicuously increases, i^ile when 
the thickness is less than that, the output sometimes markedly 
decreases . 

The magnetic layer comprising the ferromagnetic metal 
alloy containing cobalt , platinum and chromium and a nonmagnetic 
substance can be formed by vacuum film-forming methods, e,g. , 
vacuum deposition and sputtering- Of these methods, a 
sputtering method is preferably used in the present invention 
for capable of forming a thin film of high quality with ease. 
Any of a DC sputtering method and an RF sputtering method 
can be used as the sputtering method. A web sputtering system 
of continuously forming a layer on a continuous film and a 
batch sputtering system can be used in sputtering, but it is 
preferred to use a w^ sputtering system in the present invention . 

Argon can be used as the gas in a sputtering atmosphere 
but other rare gases can also be used. A trace amount of oi^gen 
may be introduced for adjusting the oxygen content of the 
nonmagnetic compound and the surface roughness. 

In particular , for forming the magnetic layer con^jrising 
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the ferromagneUc metal alley containing cobalt^ platinum and 
cbromitm and a nonmagnetic compoiind by a sputtering system 
as in the present invention, it is also possible to use two 
kinds of a ferromagnetic metal alloy target and a nonmagnetic 
compound target, and to use a co-sputtering syst^ of these 
two targets. However, when a mixture target obtained by 
homogeneously mixing a ferromagnetic metal alloy and a 
nonmagnetic compound concurring with the coiqposition ratio 
of the ferromagnetic metal alloy and the nonmagnetic compound 
to be formed is used, a magnetic layer in which the ferromagnetic 
metal alloy is homogeneously dispersed can be formed. The 
mixture target can be manufactured by a hot press method. 

First under layer ; 

First under layer 3 in the magnetic recording medium 
of the invention is constituted by a single nonmetal element, 
a compound consisting nonmetal elements or a compound selected 
from the compounds coao^rising titanium and a nonmetal element . 

As the single nonmetal element contained in the first 
under layer, C, Si and B are preferred. As the mixture of 
nonmetal elements, the compounds coxoprising the elements 
selected from C, O, Si, B, Te, As, Se and I are preferred. 

Of these nonmetal elements, the con^unds comprising the 
elements selected from C, N, O, Si and B are more preferred. 

Specifically, the coxnpounds coii5>rising Si and C, Si and O, 
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Si aad N, B and C, B and N, and B and O are exemplified. As 
the compound coniprising titanium and a nonmetal element, the 
Ottopoiands comprising Ti and C, Ti and H, Ti and O, and Ti and 
B are preferred. 

Since the gas released from the nonmagnetic support 
is shielded by forming the first under layer, the crystal growth 
of the second under layer and the magnetic layer provided thereon 
is improved. 

The first under layer preferably has a layer thickness 
of from 1 to 50 nm, and particularly preferably from 1 to 30 nm. 
Hhen the thicJcness of the first under layer is greater than 
50 nm, the support is liable to be deformed due to film stress 
anda crack occurs with ease and, at the same time, theproductivity 
is deteriorated, contrary to this, when the thickness is smaller 
than 1 nm, the effect of shielding the gas released from the 
support lowers and does not contribute to improve the crystal 
growth of the second under layer and the magnetic layer. 

Second under layer : 

Vh& second under layer in the magnetic recording medium 
of the invention comprises an alloy containing at least one 
element selected from the groi;^ consisting of chromium (Cr) , 
titanium (Ti) , iridium (Ir) , platinum (Pt) , palladium (Pd) , 
ruthenium (Ru) , rhodium (Rh) , rhenium (Re) , osmium (Os) , cobalt 
(Co) , tungsten (W) , vanadium (V) , iron (Pe) and molybdenum 
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(Mo) . 

It is prefer xed to use alloys containing at least one 
el«nent selected from the group consisting of ohromimi (Cr) , 
titanium (Ti) , iridium (Ir) , platinum (Pt) , palladium (Pd) , 
ruthenium (Ru) , rhodium (Bh) , rhenium (Re) and osmium (Os) 
in proportion of 50 at(»&ic% or more. 

^ using the second under layer, the orientation of 
the magnetic layer can be improved^ so that the recording 
characteristics can be elevated. 

The thickness of the second under layer 0(»iprising 
the above alloy is preferably from 1 to 50 nm, and particularly 
preferably from 1 to 35 nm. When the thickness is more than 
this range, the productivity lowers and, at the same time, 
noise is liable to increase in reading recorded data due to 
the thickening of the crystal grains. When the thickness is 
less than this range, the improvement of the magnetic layer 
by the effect of the under layers cannot be obtained in some 
cases . 

The first and second under layers can be formed by 
vacuum film-forming methods, e.g., vacuum deposition and 
sputtering . Of these methods , a sputtering method is preferably 
used in the present invention for capable of forming a hyper- thin 
film having a good qualiiry with ease. Any of a DC sputtering 
method and an RP sputtering method can be used as the sputtering 
method. A web sputtering system of continuously forming a 
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layer on a cont:inuoiis £±lm is preferably used in the case of 
^ flexible disc using a flexible polymer suppoxt. Khen an 
a lia m i n i iin support or a glass support is used, a batclx sputtering 
system and an in-line sputtering system can also be used. 

When the first and second under layers are formed by 
sputtering, argon can be used as the sputtering gas but other 
rare gases can also be used. A trace amount of oxygen gas 
may be introduced for controlling the lattice constant of the 
under layers. 

For forming the luider layers containing a plurality 
of elements by a sputtering system, it is also possible to 
use a plurality of targets comprising each element target and 
to use a co-spnttering system of these targets. However, it 
is preferred to use a complex target by all the elements .to 
be used for precisely controlling the lattice constant and 
manufacturing a homogeneous film. The complex target can be 
manufactured by a hot press method. 

A nonmagnetic support used in the magnetic recording 
medium of the invention is not particularly limited, but a 
flexible polymer support comprising a synthetic resin film 
capable of avoiding the impact at the tdLme when a magnetic 
head and a magnetic disc are brought into contact is preferably 
used. As such ssrnthetlc resin films, synthetic resin films 
comprising aromatic polyimide, arojoatic polyamide, aromatic 
polyamideimide, polyether ketone , polyether sulfone, polyether 
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isnide, polysulfone, polyphenyl^e sulfide, polyethylene 
naphthalate, polyethylene t rephthalate, polycarbonate, 
triacetate cellulose, and a fluorine resin are exen^Ufled. 
Polyethylene terephthalate and polyethylene naphthalate 
having good surface property and easily available are 
particularly preferably used In the present Invention, since 
good recording characteristics can be obtained without heating 
a substrate. 

Farther, a laminated film comprising a plurality of 
synthetic resin films may be used as a flexible polymer support. 
By using a laminated film comprising a plurality of films, 
warpage and undulation attributable to a support Itself can 
be reduced, as a result, the scratch resistance of a magnetic 
recording medium by the collision of the surface of a magnetic 
recording medium and a magnetic head can be markedly Improved. 

As methods of laminating flexible films , roll lamination 
by a heated roller, flat sheet lamination fay flat sheet hot 
press, dry lamination by coating an adhesive on the surface 
to be adhered and then performing lamination, and lamination 
using an adhesive sheet previously formed in the form of sheet 
are exemplif led. When adhesives are used in lamination, a 
hot melt adhesive, a thermosetting adhesive, an UV-curable 
adhesive, an EB-curable adhesive, an adhesive sheet and an 
anaerobic adhesive can be used« 

A flexible polymer support has a thickness of from 
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10 to 200 pm, prefera]>ly from 20 to 150 ym, and more preferably 
from 30 to 100 pm. When the thxcJcness of a flexible polymer 
si^ort is less than 10 jpm, the stability at high speed rotation 
lowers and sometimes run out increases. On the other hand, 
when the thic=3cness of a f lexdLble poljpaer sxxppa^ is more than 
200 pm, the stiffness at rotation increases and it becomes 
dif f icnilt to avoid the iaipact by collision, which causes jumping 
of a magnetic head in some cases. 

tPhe nerve of a flexible poljfmer support is represented 
by the following equation , and the value of the nerve is preferably 
from 4.9 to 19.6 MPa (from 0.5 to 2.0 kgf/mm^) when b ^ 10 mm, 
andmore preferably from 6 . 9 to 14 . 7 MPa (from 0 . 7 to 1 . 5 kgf /mm^) : 

Nerve of flexible polymer support = Ebd^/12 
wherein K represents Young • s modulus , b represents a f ilmbreadth , 
and d represents a film thickness. 

The surface of a flexible polymer support is preferably 
as smooth as possible for performing recording by a magnetic 
head. The unevenness of the surface of a support markedly 
degrades the recording and reproducing characteristics of 
signals. Specifically, when a subbing layer described later 
is used, the central plane average surface roughness (SRa) 
measured by a light interference type surface roughness meter 
is 5 nm or less, and preferably 2 nm or less, and the height 
of protrusion measured by a feeler type surface roughness meter 
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is 1 pm or less , and preferably 0.1 pm or less . 19hen a slabbing 
layer is not used, tbe central plane average surface roughness 
(SRa) measured by a light interference type surface roughness 
meter is 3 nm or less, and preferably 1 nm or less, and the 
protrusion height measured by a feeler type surface roughness 
meter is 0.1 pm or less, and preferably 0.06 pm or less. 

It is preferred to form a subbing layer on the surface 
^ flexible polymer support fox: the purpose of isqproving 
a swface property and a gas-shielding property. For forming 
a magnetic layer and under layers by spattering , it is preferred 
that a subbing layer be excellent in heat resistance, and as 
the materials of a subbing layer, e.g., polyixoide resins, 
polyamideimide resins, silicone resins and fluorine resins 
can be used. Thermosetting polyimide resins and thermosetting 
silicone resins have a high smoothing effect and particularly 
preferred. A subbing layer has a thickness of preferably from 
0. 1 to 3 . 0 pm. When other resin films are laminated on a support, 
a subbing layer may be formed before lamination processing, 
or a subbing layer may be formed after lamination processing. 

As the thermosetting polyimide resins , polyimide resins 
which are obtained by thermally polymerizing an iiiide monomer 
having two or more terminal unsaturated groups in the molecule, 
e.g., bisallylnadiimide (BANI, manufactured by Maruzen 
Petrochemical Co,, Ltd.), are preferably used. This imide 
monomer can be therxaally pols^eri^ed at a relatively low 
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temperatuxo a£ter ]>eizig coaiied dLn the st:ate of monomer on the 
surface of a support, and so the material monomer *- an be directly 
coated on a support and hardened. *rhe amide monomer can be 
used by being dissolved in ordinary Organic solvents. Is 
excellent In productivity and working efficiency, has a small 
molecular weight, and the solution of the imlde monomer Is 
low In viscosity, so that It gets Into the unevenness well 
In coating and Is excellent In smoothing effect. 

As the theamosettlng silicone resins, silicone resins 
obtained by polymerisation by a sol -gel method with silicon 
compounds having Introduced an organic group as the starting 
material are preferably used. The silicone resins have a 
structure In which a part of the silicon dioxide bonding Is 
substituted with an organic group, and the resins are greatly 
excellent in heat resistance as compared with silicone rubbers 
andmore flexible than silicon dioxide films, therefore, cracking 
and peeling are hardly generated when a resin film is formed 
on a BURport comprising a flexible film. In addition, since 
the starting material monomers can be directly coated on a 
flexible polymer support and hardened, a general purpose solvent 
canbeused, lAeresinsget into the unevenness well , and smoothing 
effect is high. Since condensation polymerization reaction 
advances from comparatively low temperature by the addition 
of a catalyst such as an acid and a chelating agent, hardening 
can be expedited, and a resin film can be formed with a general 
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purpose coatijig apparalnis. Further^ thermosetting silicone 
resins are excellent in a gas-slilelding property of shielding 
gases which are generated from a flexible polymer si^port when 
a magnetic layer is formed and hinder the crystallizability 
and orientation of the magnetic layer and the under layers, 
so that they can be particularly preferably used. 

It is preferred to pxx>vide minute protrusions (texture) 
on the surface of a suJbbing layer for the purpose of reducing 
the true contact area of a magnetic head and a flexible disc 
and ia^jTOving the sliding property. Further, the handling 
property of a flexible polymer support can be improved by 
providing minute protrusions. As methods of forming minute 
protrusions, a method of coating spherical silica particles 
and a method of coating an emul siou to thereby form the protrusions 
of an organic srabstance can be used, and a method of coatdLng 
spherical silica particles is preferred for ensuring the heat 
resis-tance of a subbing layer. 

The height of minute protrusions is preferably from 
5 to 60 nm, and more preferably from 10 to 30 nm. When the 
height of minute protrusions is too high, the recording and 
reproducing characteristics of signals are deteriorated due 
to the spacing loss between recording/reproducing heads and 
the medium, and when the height of minute protrusions is too 
low, the improving effect of a sliding property decreases. 
The density of minute protrusions is preferably frcm 0.1 to 
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lOO/im', and moire preferably from 1 to 10/pm^ . when the density 
of minute protrusions is too low, the iiqsrovin? effeot of a 
sliding property sonetimes decreases, while when it is too 
great, high protrusions increase by the increase of agglomerated 
particles, and recording and reproducing characteristics are 
degraded in some cases. 

Further, minute protrusions oan also be fixed on the 
surface of a support by a binder . It is preferred to use resins 
having sufficient heat resistance as the binder . As the resins 
having heat resistance, solvent-soluble polyimide resins, 
thermosetting polyimide resins and thermosetting silicone 
resins are particularly preferably used. 

It is preferred to provide protective layer 7 on the 
surface of magnetic layer 5. Protective layer 7 is provided 
for the purpose of preventing the corrosion of the metallic 
materials contained in magnetic layer 5, and preventing the 
abrasion of magnetic layer 5 by the pseudo contact of a magnetic 
head and the magnetic disc or by contact sliding, to thereby 
inprove running durability and corrosion resistance. Oxides, 
e.g. , silica, alumina, titania, zirconia, cobalt oxide and 
nickel oxide, nitrides, e.g., titanium nitride, silicon nitride 
and boron nitride, carbides, e.g., silicon carbide, chromium 
carbide and boron carbide, and carbons, e.g., graphite and 
amorphous carbon can be used in a protective layer. 

A protective layer is a hard film having a hardness 



- 25 - 



equal to or higher than that of the material of a magnetic 
head, and those which hardly cause burning during sliding and 
stably m ai n tain the effect are preferred, since such hard films 
are excellent in sliding durability. At the same time, those 
which have less pinholes are excellent in corrosion resistance 
and preferred. As such a protective layer, a hard cai^n film 
called diamond-like carbon (DM) manufactured by a CVD method 
is exfisiplif ied . 

A protective layer can be formed by laminating two 
or more thin films each having different property . For example , 
it becomes possible to reconcile corrosion resistance and 
durability on a high level by providing a hard carbon protective 
layer on the surface side for improving sliding characteristics 
and a nitride protective layer, e.g., silicon nitride, on the 
magnetic recording layer side for iiaproving corrosion 
resistance. 

A lubricating layer is provided on a protective layer 
for improving running durability and corrosion resistance, 
if necessary. Lubricants, e.g., a hydrocarbon lubricant, a 
fluorine lubricant and an extreme pressure additive are used 
in a lubricating layer. 

As the hydrocarbon lubricants, carbos^lic acids, e.g. , 
stearic acid and oleic acid, esters, e.g., butyl stearate, 
sulfonic acids, e.g. , octadeeylsulfonicacid, phosphoric esters , 
e.g. , monooctadecyl phosphate, alcohols, e.g. , stearyl alcohol 
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and oleyl alcohol, cas^aq^lio acid aaxdes, ©-g. , stearic acid 
amide, and amines, e.g., stearylamine are exonplified. 

The exaiiQ>les of the fluorine lubricants include 
lubricants c^tained by substituting a part or all of the all^l 
groups of the above hydrocarbon lubricants with a fluoroalkyl 
grovtp or a perfluoro polyether group. Ihe exantples of the 
perf luoro polyether groins include a perf luoromethylene oxide 
polymer, a perfluoroethylene oxide polymer, a 
perfluoro-n-propylene oxide polymer, (CF3CF2CF2O) » , a 
perfluoroisopropylene oxxde polymer, [CPCCPa) CPaOJn, and 
copolymers of these polymers. As the specific exaaple, a 
perfluoromethylene-perfluoroethyleae copolymer having, 
hydxoxyl groups at molecular chain terminals (TO(MBX.IN Z-DOX., 
trade name, manufactured by Ausimont K.K.) is exen^lif led. 

As the extr^be-pressure additives, phosphoric esters, 
e.g. , trilauryl phosphate, phosphorous esters, e.g. , trxlauryl 
pho^hite, thiophosphorous esters, e.g.,. trilauryl 
trithiophosphite, thiophosphoric esters, and sulfur series 
extreme-pressure additives, e.g., dibenzyl disulfide, are 
exemplified . 

These lubricants can be used alone or a plurality of 
lubricants can be used in cCTibination . A lubricating layer 
can be formed by coating a solution obtained by dissolving 
a lubricant in an organic solvent on the surface of a protec- 
tive layer by spin coating, wire bar coating, gravure coating. 



- 27 - 



or 



dip coating, alternatively depositing the coating solution 
on the surface of a protective layer by vacuum d position. 
The coating amount of lubricants i preferably from 1 to 30 mg/m^ , 
and particularly preferably from 2 to 20 mg/m*. 

It is also preferred to use a rust preventive in 
combination for bettering corrosion resistance. The exanples 
of tlie rust preventives include nitrogen-containing 
heterocyclic rings, e.g. , bena:otriazole , benaimidaiole, purine, 
and pyrimidine, derivatives obtained by introducing alkyl side 
chains to the mother nuclei of the above nitrogen-containing 
heterocyclic rings, nitrogen*- and sulfur-containing 
heterocyclic rings, e.g., bensothiazole, 

2-mercaptobenzothia2ole, tetraazaindene ring compounds, and 
thiouraeyl compounds, and derivatives of these nitrogen- and 
sulfur-containing heterocyclic rings . These rust preventives 
may be mixed with lubricants and then coated on a protective 
layer, alternatively they may be coated on a protective layer 
before coating lubricants , and then lubricants may be coated 
thereon . The coating amount of rust preventives is preferably 
from 0.1 to 10 mg/m', and particularly preferably from 0.5 
to 5 ng/m^. 

An eacaa^le of manufacturing method of a magnetic 
recording medium using a flexible polymer support is described 
below. 

Fig . 3 is a drawing showing a method of forming amagnetio 
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layez on a flexible polTiner support:. 

Fi.litt-foxsii.ng apparalnis 11 is provided witb vacuum 
chamber 12 . Flexible polymer si^port 14 unwound from unwinding 
roller 13 is delivered to film-foxaning chamber 16 after the 
tension is adjusted by tension-adjusting rollers ISA and XSB. 

Film-forming chamber 16 is fed with argon gas under 
a prescribed reduced pressure by a vacuum ^nuap at a prescribed 
flow rate through sputtering gas-feeding pipes 17A, 17B, 17C 
and 17D. While transferring flexible polymer support 14 with 
winding around film-forming roller 18A provided in film-forming 
chamber 16, the atoms for foxasing un xuider layer spring out 
from target TA of under layer- sputtering apparatus 19A, and 
an under layer is formed on the flexible polymer svtpport.. 

In the next place, on the above-fozmed under layer 
at film-forming roller ISA, the atoms for forming a magnetic 
layer are released from target TB of homogeneous dispersion 
of a ferromagnetic metal alloy and a nonmagnetic compound 
installed on magnetic layer-sputtering apparatus 19B, and a 
magnetic layer is formed on the under layer. 

Subsequently, while transferring flexible polymer 
support 14 with winding the side having provided the magnetic 
layer around film-forming roller 18B, the atoms for forming 
un under layer ^ring out from target TC of under layer-sputtering 
apparatus 19C, and an under layer is formed on the side opposite 
to the side on which the magnetic layer is provided of the 
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flexible polymex support. Further, at film-forioing roller 
18B, the atoms for forming a magnetic layer are released from 
target -CD of homogeneous dispersion of a ferromagnetic metal 
alloy and a nonmagnetic coii3>ound installed on magnetic 
layer-sputtering apparatus 19D, and a magnetic layer is formed 
on the under layer. 

Magnetic layers are provided on both sides of the 
flexible polymer support by the above process, and the support 
is wound-up by a wind-up roll. 

A method of forming magnetic layers on both sides of 
the flexible polymer support was described above, but a magnetic 
layer may be provided on only one side by l:he same process. 

After magnetic layers are formed, a protective layer 
including diamond-like carbon is formed on the magnetic layers 
by a CVD method. 

Fig. 4 is a drawing showing an eraii5>le of CVD apparatus 
«singhigh frequency plasma applicable to the present invention . 

Flexible polymer st^port 32 provided with magnetic 
layer 31 is unrolled from roll 33 , bias voltage is fed to magnetic 
layer 31 from a bias supply 35 by pass roller 34, and flexible 
polymer support 32 travels in the state of being wound around 
fdLXm-fozmlzig roll 36. 

On theother hand, material gas 37 containinghydrocarbon, 
nitrogen and rare gas forms carbon protective layer 39 containing 
nitrogen and rare gas on a metal thin film on film-forming 
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roll 36 by the plasma generated by the voltage applied from 
high frequency power supply 38, and the support is wound-up 
by wind-1^ roll 40. Further, adhesion is markedly ia^roved 
by subjecting the magnetic layer surface to cleaning by glow 
discharge treatment with rare gas and hydrogen gas before forming 
a carbon protective layer. Adhesion is further increased by 
providing a silicon intermediate layer on the surface of the 
. magnetic layer. 



EZAMPIJBS 



The present invention is described in further detail 
below with reference to specific exaii5>les, but the present 
invention should not be construed as being limited thereto. 

EXAMPLE 1 

A subbing layer coating solution comprising 
S-glycidoxypropyltrimathoxysilane, phenyltriethoxysilane, 
hydrochloric acid, aluminum acetylacetonate and ethanol was 
coated on a polyethylene naphtbalate (PEN) film having a 
thickness of 63 pm and a surface roughness (Ha) of 1.4 nm by 
gravure coating, and the coated layer was dried and hardened 
at 100*C, thereby a subbing layer having a thickness of 1.0 jm 
conqsrising a silicone resin was formed. 
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A coatijig solat:ion obtained by.mixi.ng silica sol having 
a particle size of 25 nm and the above subbing layer coating 
solution was coated on the subbing layer by gravure coating, 
thereby protrusions having a height of 15 nm were formed on 
the subbing layer in. the density of 10/pm». The suU>ing layer 
was formed on both sides of the PEN film. The PEN film having 
subbing layers as raw w^ was mounted on a sputtering apparatus , 
and the following layers were coated on the subbing layer by 
a DC magnetron sputtering method while moving the web with 
keeping in contact with a can (a film-forming roller) cooled 
with water; a first under layer comprising C in a thickness 
of 30 nm, a second under layer conqorising Ru in a thickness 
of 25 nm, and a magnetic layer having the coo^aosition coit^rising 
CoPtCr alloy (Co/Pt/Cr = 70/30/10 in atomic ratio) /SiOj = 88/12 
(atomic ratio) in a thickness of 20 nm. 

These first imder layer , second under layer and magnetic 
layer were formed on both sides of the film. Subsequently, 
the w^ was mounted on a web type CVD ^jparatus, and a 
nitrogen-added D1,C protective layer eon^jrising C/H/N of 62/29 /7 
in molar ratio was formed in a thickness of lo nm by an RF 
plasma CVD method using ethylene gas, nitrogen gas and argon 
gas as reaction gases. At this time, bias voltage of -soo v 
was applied to the magnetic layer. The protective layer was 
also provided on both sides of the film. 

A lubricating layer having a thickness of 1 nm was 



- 32 - 



£ozined on the protectiv layer surface by coating a solution 
obtained by dissolving a perf luoro polyether lubricant having 
hydroxyl groups at molecular terminals (FOMBLIM 2-DOL, 
aanufacturedbyAusiroontK.K.) in a fluorine lubricant (HPE-7200, 
aanufactured by Sumitomo 3M limited) by gravure coating. The 
lubricating layer was also formed on both sides of the film. 

A 3.7 inch size disc was pun<:bed out of th© raw web, 
subjected to tape burnishing treatment, and built into a resin 
cartridge (for ZiplOO, manufactured by Fuji Photo Film Co., 
I.td.), thereby a flexible disc was obtained. 

The characteristics of the obtained flexible disc were 
evaluated according to the following methods of evaluation. 
a?he restilts obtained are shown in Table 2 below. 

EXaMPIBS 2 TO 16 Xm COMl?J«ATlVE EXAMPUBS 1 TO 4 

Each flexible disc was manufactured in the same manner 
as in Example 1 except that the compositions of the first under 
layer and the second under layer were modified as shown in 
Table 1 below. 

The characteristics of the obtained flexible discs 
were evaluated according to the following methods of evaluation. 
The results <di>tained are shown in Table 2 below. 
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Method of eval\ia1:ion ; 

1. Magneto characteristics ■ 

Coercive force (He) was measured with a san5>le vibration 
typemagnetometer and this was taken as magnetic characteristics . 



- 34 - 



2 . Layer thickness of cxYstal growth defective layer of second 
under layer by cross-seetlonal XEM photographs 

In cross-sectxonal TEM photograph, the layer from the 
interface between the second under lajer and the lower of the 
second under layer to the place where the prismatic stmoture 
was observed in the second under layer was regarded as the 
crystal growth defective layer, and the layer thickness was 
evaluated. 

3. Surface roughness (SRa) 

Surface roughness (SRa) was obtained from the area 
of about 500 nm square with ASM contact mode by using SPA-SCO 
(manufacturedby Seiko Instruments Inc. ) by flying inclination 
con^>ensatioii . 
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TABLE 2 



£xaxxtple 
No. 


He 
(kA/m) 


Crystal Growth 
Defective . Ijayer 


sua 
<nm) 
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2.1 


Comparatilve 
Example 2 
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2 , 0 


ConKpaj?at;ive 
Exaniple 3 


160 


IS 


1.8 


Comparaiixve 
Example 4 


150 


12 


1.6 



As can be understood from the results shown in Table 
2 , the f leacible discs in Exaa^jles, the magnetic recording media 
of the present invention, are excellent in magnetic 
characteristics, the thickness of the crystal growth defective 
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layer of the second under layer is 5 nm or less, and the surface 
roughness is satisfactory. On the other hand, the flexible 
discs in Coii5>arative ExampX&s , in which the first under layer 
is not used or Ti is used as the first under layer, are 
unsatisfactory in either one of the thickness of the crystal 
growth defective layer of the second under layer or the surface 
roughness. 

The magnetic recording stediunt according to the present 
invention eon«>risea a nonmagnetic support having thereon in 
the order of a first under layer, a second under layer, and 
a magnetic layer oon^rising a ferromagnetic metal alloy 
containing cobalt, platinum and chromium and a nonmagnetic 
compound. By adopting this constitution, the magnetic 
recording medium according to the present invention has the 
effect of shielding the gas released from the support and 
increasing the crystal orientation of themagnetic layer , capable 
of forming a magnetic layer having excellent magnetic 
characteristics on a flexible polymer support, thereby high 
density recording can be realized. 

This application is based on Japanese Patent application 
JP 2003-4589, filed January 10, 2003, the entire content of 
which is hereby incorporated by reference, the same as if 
set forth at length - 
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